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Celulele solare CdS/CdTe sunt fabricate prin metoda volumului cvasiinchis la temperaturi ale suportului cuprinse
intre 300 + 5°C si 340 £ 5°C. Cei mai buni parametri fotovoltaici au fost atinsi la temperatura suportului de 320°C si la
temperatura evaporatorului de 610°C. Tensiunea de circuit deschis si densitatea curentului de scurtcircuit se modifica
semnificativ cu modificarea temperaturii suportului si depinde de dimensiunea cristalitelor. Cea mai mare valoare a
densitatii curentului de scurtcircuit §i a tensiunii de circuit deschis se atinge pentru celulele solare cu dimensiunea cris-
talitelor cuprinsa intre 1,0 um si ~5,0 um. Au fost obtinute celule solare CdS/CdTe cu o eficientda de ~ 10%. Asadar,
dimensiunea cristalitelor este un parametru care limiteaza eficienta cuantica a celulelor solare.

Thin Film CdS/CdTe solar cells were fabricated by Close Space Sublimation at the substrate temperature ranging
from 300 °C+ 5°C to 340 + 5°C °C. The best photovoltaic parameters were achieved at substrate temperature 320°C and
source temperature 610°C. The open circuit voltage and current density changes significantly with the substrate tempe-
rature and depends on the dimension of the grain sizes. Grain size is an efficiency limiting parameter for CdTe layers
with large grains. The open circuit voltage and current density are the best for the cells having dimension of grains between
1.0 um and ~5.0 pm. CdS/CdTe solar cells with an efficiency of~10% were obtained.

Introduction

Efficient and low cost solar cells are demanded for the photovoltaic system. An economical cell should be
prepared in the form of a thin film. The CdS/CdTe thin film solar cells is a leading candidate for low cost
high-performance applications because as is well known the nature of the band-to band transitions has an
important bearing on the cell thickness. The latter should be of the order of the absorption length 1/a, which
is much smaller (2 pm or 5 pm for CdTe) for direct non phonon transitions than for the case of indirect
phonon-assisted transitions (50 to 100 um for Si). The large number of techniques for fabrication of CdS/CdTe
solar cells have been elaborated for obtaining conversion efficiency up to 16,5 % [1]. Close space sublimation
(CSS) growth technique usually gives good electronic properties and high growth rates, and may be amenable
to continuous production. The CdTe CSS films deposited above 550°C substrates temperatures has been
investigated by researchers from Antec [2], Kodak [3], Matsushita [4], USF [5] and NREL [1].

In this paper has been applied CSS technique to growth CdTe layers onto substrates at temperatures less
400°C. The effect of the substrates temperatures on the photoelectrical properties of the CdS/CdTe solar cells
is discussed here.

1. Sample preparation

The performance of the devices depends critically on the quality of the semiconducting absorber layer.
Therefore the first strategy for fabrication high-performance solar cells was the elaboration of the techno-
logical regime (substrate temperature, evaporation speed, thickness of layers, cleanliness of the substrate,
impurities from precipitates and initial material etc...) for high quality thin CdTe layers. The CdTe source was
formed by the direct reaction of Cd (99.999%) and Te (99.996%), taken in stoichiometric proportions. In order
to determine the optimal technological conditions a set of CdTe layers deposited on SnO,/CdS at differences
substrate temperatures were obtained. The structure of CdTe layers deposited at temperatures ranging from
300 °C+ 5°C to 340 + 5°C °C with a metallographic MMR-2P microscope was studied. The microstructure
CdTe films are determined by the substrate temperature and source-substrate temperature gradient. The
evaporator temperature and the time of the CdTe-layer deposition were kept constant at (610 £ 5)°C and four
minutes, respectively. The source temperature 610°C was chosen from point of view of granule sizes and a
reasonable degree of contamination with impurities from the source. When the substrate temperature increases
up to 310°C+ 5°C, the grain sizes increases. With a further increase of the substrate temperature (320°C-340°C)
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the density of the growth crystallites increases, and it becomes difficult to evaluate. At substrate temperatures
near 330 °C+ 5°C the crystallite size are approximately 3 um (Table). The decrease of the grain sizes with
the increasing of the substrate temperature is explained by the decreasing of the degree of satiation and by
the increasing of the migration velocity of Cd and Te atoms on the surface. The atoms can’t become active
germs of crystallization for forming the necessary compound. In this case, the speed of the layer’s growth is
small and micro-granular structured layers were formed. With decrease of substrate temperature alike with
increases of the degree of satiation the diffusion surface velocity of the atoms decreases leading thus to the
increasing in the number of the active crystallization centers.

These deposition conditions were used in the standard glass-SnO,/CdS/CdTe cells. Before depositions of
CdTe, the SnO,-covered substrates with resistivity ~16 /o, thickness of 0.36 pm and transparency 90%
were degreased in a solution of 6 g K,Cr,O; + 10-ml H,O + 100-ml H,SO, at room temperature, then rinsed
in double-distilled water, and dried. Then the CdS was deposited by CSS. For the CdS source, CdS powder
with a purity of 99.995% was used. CdS was 0.29 um thick and had the resistivity 2-3 Q-cm and transparency
above 90 %. A set of cells were fabricated with CdTe layers fabricated at substrate temperatures at a fixed
source temperature mentioned above in order to find the regime that would lead to the best solar cell performance.
After the CdTe layers were deposited, the structures were held in CdCl,:H,O saturated solutions for 3-4
hours. After structures were annealed in the air at 380+£5°C for 30 min and etched in K,Cr,O7:H,SO4:H,0. To
minimize the back contact barrier [6], an additional layer of Te was deposited by thermal evaporation. Ni
was used, and to increase the adherence of the ohmic contact to the CdTe, a post thermal treatment with
temperatures of 200 °C for 30-40 min was made.

2. Photovoltaic parameters of CdS/CdTe solar cells

In order to see if there is any effect due to the variation of substrate temperature of CdTe layer on photovoltaic
parameters we have investigated current-voltage characteristic for solar cells where the substrate temperature
was changed as mentioned above. The photoelectrical properties of CdS/CdTe/Te solar cells were investigated
at the room temperature under illumination 100 mW/cm® through the wide gap component CdS. The influence
of CdTe layer structure on photoelectrical characteristics of CdS/CdTe/Te solar cells at different substrates
temperature are illustrated in figure 1. The best photovoltaic parameters were achieved at substrate temperature
320°C and source temperature 610°C. As one can see from the Table the open circuit voltage (U,.) and
current density (J,.) changes significantly with the substrate temperature and depends of the dimension of the
grain sizes. Grain size is an efficiency limiting parameter for CdTe layers with large grains. The larger grain
sizes increase the size of voids or pinholes between grains. Voids between grains effectively reduce U,. by
providing shunt paths between the back and front contacts.

Table
Photovoltaic parameters of CdS/CdTe/Te solar cells
Ts 2 Efficiency
°C) d (um) | Jsc (MA/emM®) | Uge (V) | FF (%) (%) Rsh (Ohm cm?) | R (Ohm cm?)
300 12,5 12.27 0.7595 | 33.27 3.1 758.2 13.68
310 24,8 1.18 0.1924 | 25.77 0.06 1480.6 10.96
320 4,7 22,75 0,81 51,87 9.56 2917.4 10.68
330 2,6 20.82 0.6025 | 35.91 4.5 640.5 10.66
340 1,25 20.98 0.6572 | 36.43 5.02 860.9 11.26

The open circuit voltage and current density achieving in this work are the best for the cells having dimension
of grains between 1.0 pm and ~5.0 um. CdS/CdTe/Te solar cells with efficiency (1) of 9,56% were obtained.
Fill factor (FF) is low in general. According to the theory the fill factor is determined by the series resistance,
saturated dark current density (J,) and diode quality factor (4). The J, and 4 of the CdS/CdTe/Te cells are in
the range of 10° — 107 A/em” and 2.4-3.6 respectively. As one can see from table the low value of FF is mainly
determined by high value of series resistance which is due probably with the fact that the cells used wet CdCl,
treatment may contain oxide on the surface of CdTe.
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Fig.1. Current-voltage characteristics of the CdS/CdTe/Te solar cells
for different substrate temperatures.

External quantum efficiency (EQE) data for front illumination of cells with different substrate temperatures
are shown in Figure 3. The thickness of the deposited CdS in all cases was 0, 29 um. The analysis of the Q (A)
curves showed that the substrate temperature of the CdTe layer has not a strong influence on the form of
quantum efficiency spectra, but has the most influence on the carrier generation and collection. The quantum
efficiency (QE) for all solar cells is reasonably good for wavelengths between 520 nm and 845 nm. The high
collection in the visible region of the spectra has the device obtained at substrate temperature 320°C. The
primary loss is the reflection of the cell.

The non-encapsulated CdS/CdTe/Te solar cells were light soaked under one-sun simulated illumination at
85°C. The device was kept under constant and continuous irradiation in air. The results for this “light soaking”
test for the best cell are shown in Figure 4. After soaking 30 min the load I-U characteristics is improved due
to the fact that the series resistance of the device decreases. A little decrease in open circuit voltage and current
density is observed. But after soaking after two hours the modest rapid initial degradation of the open circuit
voltage is stabilized.
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Fig.2. External Quantum Efficiency of the CdS/CdTe/Te solar cells with
different substrate temperatures as indicated in Table.
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Fig.3. Light J-V characteristics of the CdS/CdTe/Te solar cells before and after light
soaked under one-sun simulated illumination at 85°C.

By choosing the right buffer-metal combination stable CdS/CdTe/Te solar cells were obtained. Cells with

a thin layer of Te at the back contact show excellent stability and stress test suggest that these cells will not
degrade when properly encapsulated.

Conclusions
Processing options relating to processing of thin-film CdTe/CdS/Te solar cells have been discussed. For

the best cells at 300 K and 100 mW/cm® the following photovoltaic parameters were obtained: U,. = 0,81 V,
Joe = 22,75 mA/cmz, n = 10%. It must be noted that these results are obtained for unoptimised structures
without antireflection coatings and can be improved by reducing both current and voltage losses and by the
appropriate choice of component cell thickness.
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